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PREFACE 

Reports  have  been  prepared  on  the  extent  of  coal  reserves  of  the  United 
States,  by  State,  county,  coalbed,  rank,  and  sulfur  content.   The  first  reporl 
(IC  8531),  published  in  1971,  was  devoted  to  the  strippable  reserves  of  bitu- 
minous coal  and  lignite.   The  second  report  was  a  study  of  the  reserves,  pro- 
duction, and  consumption  of  bituminous  coal  in  the  Appalachian  Region.   The 
third  report  was  an  interim  study  of  the  resources  and  production  of  coal  in 
the  United  States.   (The  second  and  third  reports  were  prepared  for  the 
Environmental  Protection  Agency  in  1971.)   The  fourth  report  (IC  8655),  pub- 
lished in  1974,  was  devoted  to  the  reserve  base  of  bituminous  coal  and  anthra^ 
cite  for  underground  mining  in  the  Eastern  United  States.   A  fifth  report 
(IC  8678)  has  been  prepared  on  the  western  underground  coals.   The  present 
report  is  the  second  of  a  two-part  report  on  the  coal  reserve  base  by  sulfur 
level.   The  first  part  (IC  8680)  covers  the  Eastern  United  States,  and  this 
part  covers  the  Western  United  States. 


Ill 
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ABSTRACT 

This  Bureau  of  Mines  report  delineates  the  coal  reserve  base  of  anthra- 
cite, bituminous  and  subbituminous  coals,  and  lignite,  by  mining  method  and 
sulfur  content,  for  coal-bearing  States  west  of  the  Mississippi  River.   The 
parameters  used  to  establish  the  reserve  base  definition  are  the  result  of  a 
joint  agreement  by  the  Federal  Bureau  of  Mines  and  the  U.S.  Geological  Survey. 

The  reserve  base  of  low-sulfur  coal,  <1.0  percent  sulfur,  is  167,324.5 
million  tons;  medium-sulfur  coal,  1.1-3.0  percent  sulfur,  is  37,531.5  million 
tons;  and  high-sulfur  coal,  >3.0  percent  sulfur,  is  11,244.1  million  tons. 
The  reserve  base  of  coal  with  an  unknown  sulfur  level  is  18,323.0  million 
tons.   The  percentages  of  deep  and  strippable  coal  are  56  percent  and  44  per- 
cent, respectively. 

The  basis  for  reserve  base  estimates  and  analytical  data  for  this  report 
was  the  Fuels  Availability  System,  a  Bureau  of  Mines  data  bank  containing 
numerous  data  on  fossil  fuels.   Information  contained  in  the  system  was 
obtained  from  publications  of  the  Bureau  of  Mines,  U.S.  Geological  Survey, 
State  agencies,  private  publications,  and  company  data. 

INTRODUCTION 

The  United  States  is  experiencing  rapidly  increasing  demand  for  energy 
resources.   It  is  therefore  necessary  to  define  quantities  and  availabilities 
of  energy  sources  that  can  fulfill  or  supplement  this  demand.   Coal  is  an 
important  source  of  energy,  and  low-sulfur  coal  is  especially  important  owing 
to  its  low-pollution  characteristics. 

This  project  was  undertaken  to  identify  the  Nation's  reserve  base  of  coal 
by  sulfur  content  and  mining  method.   It  was  begun  primarily  because  of  the 
growing  concern  over  the  inadequacy  of  reserves  of  low-sulfur  coal  in  the 
Eastern  United  States  to  meet  present  and  projected  demand.   This  report 

■"■Mineral  economist. 

2 

Supervisory  physical  scientist. 
Physical  scientist. 


covers  the  coal  reserve  base  in  States  west  of  the  Mississippi  River.   It  sup- 
plements Bureau  of  Mines  IC  8680,  which  covers  the  reserve  base  by  sulfur 
level  of  the  Eastern  United  States. 

The  Western  United  States  contains  43.7  percent  of  the  Nation's  under- 
ground reserve  base  and  74.4  percent  of  the  Nation's  strippable  reserve  base. 
It  contains  78.4  percent  of  the  Nation's  underground  low-sulfur  coal  reserve 
base  and  92.6  percent  of  the  Nation's  strippable  low-sulfur  coal  reserve  base. 
Because  of  low-sulfur  content  and  the  cheaper  costs  involved  with  mining  most 
western  surface  coal,  development  of  the  western  coals  will  continue  as  a 
major  component  in  fulfilling  the  Nation's  energy  needs 
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RESERVE  BASE 

The  reserve  base  presented  in  this  report  involved  totaling  measured  and 
indicated  coal,  by  county  and  bed,  to  a  depth  of  1,000  feet.   From  these  data, 
strippable  coal  was  deleted  to  a  predetermined  cutoff  depth,  usually  120  feet. 
The  minimum  thickness  considered  feasible  for  underground  mining  was  28  inches 
for  bituminous  coal  and  anthracite,  and  60  inches  for  sibbituminous  coal  and 
lignite.   The  minimum  thickness  considered  feasible  for  surface  mining  was 
dependent  on  strip  ratio  as  defined  in  Bureau  of  Mines  IC  8531  (46). 4 

The  reserve  base  as  delineated  in  this  report  constitutes  approximately 
22  percent  of  the  identified  coal  in  the  Western  United  States,  which  includes 
the  measured,  indicated,  and  inferred  coal  down  to  3,000  feet.   Part  of  the 
inferred  coal  would,  in  actuality,  be  included  in  depth  and  thickness  cate- 
gories that  would  place  it  in  the  reserve  base,  but  until  further  exploration 
delineates  this  coal  in  greater  detail,  it  cannot  be  included. 

The  total  reserve  base  by  State  is  illustrated  in  figure  1.   The  reserve 
base  of  coal  for  individual  States,  by  method  of  mining,  and  the  reserve  base 
of  low-sulfur  coal,  by  method  of  mining,  are  shown  in  figures  2  and  3, 
respectively. 

4 Underlined  numbers  in  parentheses  refer  to  items  in  the  bibliography  preced- 
ing the  appendixes. 
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FIGURE  1.  -  Coal  reserve  base  (anthracite,  bituminous,  subbituminous,  and  lignite)  in  the 
Western  United  States,  million  short  tons. 

The  breakdown  by  sulfur  content  and  mining  method   for   16  Western  States 
is   shown  in  figure  4.      The   difference  between  the  underground  reserve  base  and 
the  strippable  reserve  base  would  be   lessened   in  terms  of  actual  recoverable 
coal  by  assuming   a  50-percent  recovery   factor   for  underground  coal   and   an 
80-percent  recovery  factor   for   strippable  coal.      Also,  much  of  the  underground 
coal  would,   in  actuality,   be  unminable  because  of  coalbed  thickness;   present 
mining   technology  has  not  established  viable  methods   for  mining  beds  generally 
greater  than  10  feet   thick. 
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The  fact  that  86  per- 
cent of  the  coal  mined  in 
the  Western  States  in  1973 
was  by  surface  methods  indi- 
cates the  considerable  eco- 
nomic advantage  of  mining 
western  coal  by  surface 
methods.   For  the  foresee- 
able future,  surface  mining 
will  continue  to  be  the 
predominant  method  of  mining 
in  the  Western  United 
States. 

Lignite 

The  reserve  base  of 
lignite  in  the  Western 
United  States  totals  27 
billion  tons.   Seven  States 
contain  lignite  reserves,' 
all  of  which  are  considered 
minable  by  surface  methods. 
No  lignite  is  considered 
economically  recoverable  by 
underground  methods  owing  to 
low  Btu  value  versus  cost  of 
mining. 

The  lignite  reserve 
base  represents  about  11.6 
percent  of  the  total  reserve 
base  of  the  West.   The  State 
containing  the  greatest  . 
amount  of  lignite  is  North 
Dakota,  followed  by  Montana, 
Texas,  South  Dakota,  Alaska, 
Arkansas,  and  Washington. 

Subbituminous  Coal 


FIGURE  4.  -  Reserve  base  of  anthracite,  bituminous,  sub- 
bituminous,  and  lignite,  by  sulfur  level  in 
the  Western  United  States. 


The  reserve  base  of 
subbituminous  coal  in  the 
Western  United  States  totals 
168  billion  tons.   Seven 
States  contain  a  subbitumi- 
nous reserve  base,  which  accounts  for  71.8  percent  of  the  total  demonstrated 
reserve  base  of  the  Western  United  States.   Montana  contains  99.9  billion 
tons,  which  is  the  largest  single  tonnage  by  rank,  by  State,  for  any  coal  in 
the  Western  United  States.   Other  States  containing  subbituminous  coal,  in 
order  of  decreasing  rank,  are  Wyoming,  Alaska,  Washington,  Colorado, 


New  Mexico,  Arizona,  and  Oregon.   Approximately  40  percent  of  the  subbitumi- 
nous  coal  reserve  base  in  the  West  is  classified  as  strip  coal. 

Bituminous  Coal 

The  reserve  base  of  bituminous  coal  in  the  Western  United  States  totals 
39  billion  tons.   This  tonnage  is  16.6  percent  of  the  total  western  coal 
reserve  base.   Results  from  this  study  indicate  that  approximately  31  billion 
tons  can  be  mined  from  the  surface,  and  8  billion  tons  will  have  to  be  mined 
by  underground  mining  methods. 

Bituminous  coal  occurs  in  every  coal -bearing  State  except  North  Dakota 
and  South  Dakota.   Colorado  has  the  largest  reserve  base  of  bituminous  coal, 
followed  in  descending  order  by  Missouri,  Wyoming,  Utah,  Iowa,  New  Mexico. 
Kansas,  Montana,  Oklahoma,  Alaska,  Arkansas,  and  Washington. 
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Anthracite 

The  reserve  base  of  anthracite  in  the  Western  United  States  totals  126 
million  tons,  all  of  which  would  have  to  be  mined  by  underground  methods. 
Three  of  the  Western  States  contain  anthracite,  the  largest  tonnage  occurring 
in  Arkansas,  followed  by  Colorado  and  New  Mexico.   Anthracite  represents  less 
than  1  percent  of  the  western  reserve  base. 

TABLES  AND  PROCEDURE 

Tables  C-l,  C-2,  C-3,  and  C-4  present  reserve  base  tonnages  of  coal 
divided  by  county,  bed,  sulfur  level,  and  mining  method.   Table  1  presents  the 
total  State  reserve  base  average  sulfur  level  categories  and  mining  method. 
The  tables  contained  in  this  report  show  all  strippable  bituminous  coal  and 
anthracite  down  to  28  inches  in  thickness;  however,  this  is  not  applicable  for 
some  States.   (See  table  2.)   The  strip  reserve  base  was  placed  into  the  vari- 
ous thickness  categories  in  the  reserve  base  tables  by  using  the  average  thick- 
ness of  the  bed  for  a  county,  as  shown  in  Bureau  of  Mines  IC  8531  (46).   Cri- 
teria used  for  establishing  western  coal  resources  is  shown  in  table  3. 

Sulfur  levels  by  individual  bed  tonnages  were  determined  by  applying  a 
weighted  average  of  all  available  sulfur  sample  values  (on  a  dry  basis)  for 
individual  beds.  Where  no  sulfur  analyses  were  available  by  bed  and/or 
county,  tonnages  were  placed  in  the  "Unknown"  category.   It  should  be  empha- 
sized that  tonnages  subdivided  by  sulfur  levels  are  based  in  some  instances  on 
older  coal  samples.   Therefore,  coal  of  a  particular  sulfur  level  in  the 
tables  may  now  actually  be  depleted.   Lignite  is  not  considered  in  the  reserve 
base  for  underground  mining  because  it  is  not  economically  feasible  to  mine 
underground  owing  to  the  low  Btu  value. 


TABLE  1.  -  The  reserve  base  of  coals  of  the  Western 
United  States  by  mining  method 
and  sulfur  content 


State 


Mining 
method 


<;1.0 


Sulfur  content,  weight -percent 


1.1-3.0 


>3.0 


Unknown 


Total 


Alaska 

Do 

Arizona 

Arkansas 

Do 

Colorado 

Do 

Iowa 

Kansas 

Missouri 

Do 

Montana 

Do 

New  Mexico.  .  . 

Do 

North  Dakota. 
Oklahoma 

Do 

Oregon 

Do 

South  Dakota. 

Texas 

Utah 

Do 

Washington. . . 

Do 

Wyoming 

Do 

Total1  .  . 

Grand 
total. 


Deep. . 
Strip. 
. ..do. 
Deep.  . 
Strip. 
Deep.  . 
Strip. 
Deep. . 
Strip. 
Deep. . 
Strip. 
Deep. . 
Strip. 
Deep. . 
Strip. 
...do. 
Deep. . 
Strip. 
Deep. . 
Strip. 
. . .do. 
...do. 
Deep . . 
Strip. 
Deep. . 
Strip. 
Deep . . 
Strip. 
Deep.  . 
Strip. 


4,080.8 

7,377.8 

173.2 

43.4 

37.9 

6,751.3 

724.2 

1.6 

0 

0 

0 

63,464.4 

38,182.5 

1,894.4 

1,681.1 

5,389.0 

154.5 

120.5 

1.0 

.5 

103.1 

659.8 

1,916.2 

52.3 

431.0 

172.5 

20,719.1 

13,192.9 


163 
21 
176 
310 
152. 
640 
146. 
226. 
309. 
134. 
47. 
1,939 
2,175 
214. 
579 
10,325 
238. 
88. 
0 

287 

1,884 

1,397 

149 

957 

307 

4,535 

10,122 


0 
0 
0 
29.2 
17.1 
47.3 
0 
2,105.9 
695.6 
3,590.2 
1,635.8 
456.2 
46.4 
.8 
0 
268.7 
202.6 
38.8 
0 
0 
35.9 
284.1 
6.8 
42.6 
13.2 
25.8 
1,275.6 
425.5 


0 
0 
0 
19.1 
55.2 
6,547.4 
0 
549.2 
383.2 
2,350.5 
1,730.0 

0 
2,166.7 
27.5 

0 

15.0 

264.3 

186.2 

0 

0 

1.0 

444.0 

460.3 

18.0 

42.9 

2.2 

2,955.0 

105.3 


4,246.4 

7,399.0 

350.0 

402.4 

263.3 

13,999.2 

870.0 

2,884.9 

1,388.1 

6,073.6 

3,413.7 

65,834.3 

42,562.0 

2,136.5 

2,258.3 

16,003.0 

860.1 

434.1 

1.0 

.9 

428.0 

3,271.9 

3,780.5 

262.0 

1,445.9 

508.1 

29,490.8 

23,845.3 


99,457.7 
67,866.8 


10,757. 
26,774, 


7,727.8 
3,516.3 


13,216.2 
5,106.8 


131,155.6 
103,256.8 


167,324.5 


37,531.5 


11,244.1 


18,323.0 


234,412.4 


1  Distribution  may  not  add  to  total  because  of  individual  rounding. 


TABLE  2.  -  Summary  of  certain  criteria  used 
in  estimating  the  strippable 
reserve  base  of  coal 
and  lignite 


State 


Rank 


Average 
thickness 


Inches  Feet 


Minimum 
coalbed 
thickness, 
inches 


Minimum 

coalbed 

depth  for 

c  omput  ing , 

feet 


Economic 
stripping 
ratio,  feet1 


Alaska. 


Arizona 

Arkansas. . . . 

Do 

California. . 
Colorado. » . . 

Iowa 

Kansas 

Missouri. . . . 
Montana 

New  Mexico.  . 
North  Dakota 
Oklahoma. .  .  . 

Oregon 

South  Dakota 

Texas 

Utah 

Washington. . 
Wyoming 


Coal  and 
lignite. 
Subbituminous 
Bituminous. . . 

Lignite , 

Subbituminous , 
Bituminous. . . . 

do 

do 

do , 


27 


36 
22 
24 


Subb  i  tuminous 

and  lignite. 

Subbituminous. 

Lignite , 

Bituminous. . . , 
Subbituminous , 

Lignite 

do 

Bituminous. . .  . 
Subbituminous , 
do , 


24 


(3) 

10 

12 

24 

11 
16 


5 

7 

14 

22 

67 


14 

60 
14 
30 
60 
60 
28 
12 
12 
60 

60 
60 
12 
48 
60 
60 
60 
60 
60 


120 

130 

60 

100 

100 

to  120 

120 

120 

120 

60  to  125 


'60  and 


'50 


4:1  to 


2:1  to 


l50  to 


90 

75 

120 

40 

100 

90 

339  to  150 

100  and  250 

3 60  to  200 


to 
to 


3:1  to 
1.5:1  to 


8:1 
30:1 
30:1 
10:1 
10:1 
18:1 
15:1 
15:1 

8:1 

12:1 
12:1 
15:1 
4.75:1 
12:1 
15:1 
8:1 
10:1 
10:1 


1  Based  on  maximum  feet  of  overburden  thickness  at  the  high  wall  per  foot  of 

coalbed  thickness. 
2 Undefined  in  Bureau  of  Mines  IC  8531,  but  generally  >10  feet  as  defined  in 

U.S.  Geological  Survey  Bulletin  1242-B. 
3Maximum  overburden  thickness  varies  for  different  coalbeds. 


TABLE  3.  -  Western  coal  resource  criteria  as  published 


State 


Rank 


Reliability  category 


Thickness  division,1 
inches 


Depth  division,3 
feet 


Reference 


WESTERN  INTERIOR  AND  TEXAS  GULF  COAST 


Bituminous  and 

Measured,  indicated, 

Standard 

0-   60 

'22 

s emi anthr ac i t e . 

inferred. 

60-  500 

500-1,000 

1,000-2,000 

2,000-3,000 

Measured  and 
indicated,  inferred 

Standard 

0-1,000 

29 

do 

Proved,  potential3 . . 

4>10 

(4) 

1 

do 

Indicated  and 
stongly  inferred, 
weakly  inferred. 

12-18,  18-28,  28-42, 
>42 

0-1,000 

41 

do 

Measured,  indicated, 
inferred. 

Standard 

Standard 

45 

do 

Various --range  1.2-6 
feet 

Standard 

34 

Do 

Measured,  indicated. 

>5  feet 

0-90,  90 

19 

WESTERN 

STATES 

Arizona: 

0-  650 

39 

Black  Mesa. . 

Bituminous  and 
subb  i  tuminous . 

Measured,  inferred.. 

Various 

0-1,000 
0-1,700 

Deer  Creek. . 

>14 

0-1,000 

4 

Pinedale. . . . 

Subbitumlnous . . . 

do 

>30 

0-1,000 

4 

Anthracite, 

Measured  and 

Standard5 

Standard 

6-7,  23,  25, 

bituminous , 

indicated,  inferred 

26,  30,  47, 

and 

48-49,  52 

subbitumlnous . 

.....do 

14-24,  24-36,  >36 

0-2,000 

13 

Do 

Subbitumlnous 
and  lignite. 

do 

Standard  and 
unclassified 

0-2,000 

13 

New  Mexico. .  .  . 

Anthracite, 
bituminous, 
and 
subbitumlnous . 

Measured,  indicated, 
inferred. 

Standard 

Standard 

40 

Bituminous  and 

Measured  and 

Unclassified 

0-  150 

42 

subbituminous . 

inferred. 

150-  250 

North  Dakota. . 

Measured,  indicated, 
inferred. 

Standard 

0-1,000 

10 

Standard 

0-1,000 

11 

Utah 

Bituminous , 

Measured,  indicated, 

>4  feet,  by  zone,  or 

Various6 

14,  16-17 

subbituminous , 

inferred  or 

unclassified 

and  lignite. 

unclassified. 

Bituminous  and 
subbituminous. 

Measured,  indicated, 
inferred. 

Standard 

Standard 

9 

PACIFIC 

COAST 

Bituminous, 
subbituminous , 
and  lignite. 

Measured,  indicated, 
inferred. 

Standard 

Standard 

5 

California. . . . 

Subbitumlnous 
and  lignite. 

Unclassified 

Unclassified 

27 

Bituminous  and 
subbituminous . 

do 

>4  feet 

0-1,200 

28 

Subbituminous. .  . 

Measured,  indicated, 
inferred. 

Various --range 
2.9-4.9  feet 

Unknown 

35 

Washington. . . . 

Anthracite  and 
bituminous. 

Measured  and  indi- 
cated, inferred. 

Standard 

Standard 

8 

Do 

do 

Standard 

0-1,000 

8 

■■■The  standard  thickness  divisions  are  14-28,  28-42,  and  >42  inches  for  bituminous  coal  and  anthracite,  and 

30-60,  60-120,  and  >120  inches  for  subbituminous  coal  and  lignite. 
2The  standard  depth  divisions  are  0-1,000,  1,000-2,000,  and  2,000-3,000  feet. 
3Potential  refers  to  coal  under  a  400  square-mile  are  estimated  from  one  or  more  measurements. 
4 Depth-thickness  criteria  are  16  inches  at  100  feet,  18  inches  at  150  feet,  22  inches  at  200 

at  600  feet,  and  36  inches  at  1,200  feet. 
sData  for  anthracite  and  bituminous  coal  are  also  reported  on  an  inferred  zone  basis  with  var 

divisions  and  depth  divisions  of  1,000-2,000  or  0-3,000  feet. 
6Depth  is  not  always  reported,  and  some  divisions  are  0-2,000  or  0-3,000  feet. 


feet,  32  inches 
ious  thickness 


4 

,373 

32 

100 

12 

,373 

9 

16 

,951 

358 

7 

,059 

7 

,862 

10 


Specific  depth,  thickness  and/or  reliability -of -estimate  categorization 
figures  for  some  areas  were  not  available  in  sufficient  detail  for  input  into 
the  computer.   These  data  are  summarized  in  table  3.   In  these  cases,  the  coal 
was  placed  in  the  unclassified  category.   Table  4  summarizes  the  unclassified 
coal  by  State. 

TABLE  4.  -  Unclassified  coal  by  State 

Unclassified  coal, 
State  million  tons 

Arizona 

Arkansas 

California 

Colorado 

Idaho 

Kansas 

New  Mexico 

Texas 

Utah 

Total 49,117 

Production  and  depletion  data  have  not  been  subtracted  from  the  tables  on 
a  bed  basis  because  this  information  was  not  available  by  bed.   Table  5  sum- 
marizes coal  depletion  by  State. 

TABLE  5.  -  Coal  depletion  by  State  as  of  January  1,  19741 
State  Depletion,3  million  tons 

Alaska 42 

Arizona 10 

Arkansas 205 

California 7 

Colorado 1,175 

Idaho 1 

Iowa 727 

Kansas 32  (1957) 

Missouri 646 

Montana 377 

New  Mexico 335 

North  Dakota 

Oklahoma 392 

Oregon 8 

South  Dakota 

Texas 61 

Utah 650 

Washington 11  (1960) 

Wyoming 320  (Jan.  1,  1973) 

1  Depletion  was  calculated  from  date  of  resource  estimate. 
sExcept  where  data  are  given  in  parentheses,  depletion  is 

based  on  the  original  amount  of  coal  in  the  ground 

before  mining  took  place. 
3 Preliminary. 
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CONSTRAINTS  TO  PRODUCTION 

The  Western  United  States  contains  large  quantities  of  cheaply  minable, 
low-sulfur  coal.   However,  there  are  two  distinctive  geographic  and  quality 
differences  that  influence  availability  and  use  of  this  coal. 

Locations  of  the  major  coal  provinces  of  the  United  States  are  shown  on 
figures  5  and  6.   The  coals  of  the  Western  Interior  province  are  geographically 
closer  to  the  major  use  centers  in  the  East  and  are  of  high  Btu  content,  but 
they  are  typically  of  high-sulfur  content  and  contained  in  thin  beds.   These 
qualities  tend  to  make  development  of  this  coal  less  desirable  because  of 
pollution  restrictions  and/or  high  mining  costs. 

The  Northern  Great  Plains  province  and  the  Rocky  Mountain  provinces 
contain  large  quantities  of  cheaply  minable,  low-sulfur  coal,  but  shipment  to 
major  use  centers  in  the  Eastern  United  States  tends  to  be  prohibited  by  high 
transportation  costs.   Projected  use  patterns  tend  to  indicate  increased 
shipment  to  midwestern  and  southcentral  markets  for  power  generation  or  use 
at  mine  sites  for  synthetic  fuel  manufacture  and/or  power  generation.   However, 
if  alternative  fuel  costs  continue  to  increase  or  supplies  of  alternative 
fuels  become  limited,  increasing  amounts  of  low-sulfur  coal  may  be  shipped 
longer  distances. 

Coals  of  the  Pacific  Coast  province  are  typically  lower  in  sulfur 
content,  but  they  are  not  economically  minable  except  in  certain  areas  of 
Washington.   The  Alaskan  province  contains  large  quantities  of  low-sulfur 
coal,  but  development  will  be  negligible  in  the  foreseeable  future  owing  to 
market  limitations. 

SULFUR  CONTENT 

All  coals  contain  varying  amounts  of  sulfur.   The  sulfur  content  varies 
widely  in  both  chemical  composition  and  weight -percentage.   It  occurs  in  three 
basic  forms:   organic  combinations,  inorganic  combinations  (primarily  pyrite 
and  marcasite) ,  and  sulfates. 

Removal  of  sulfur  is  dependent  on  the  form  of  sulfur,  size  of  sulfur 
particles,  and  economic  and  physical  limitations  of  the  cleaning  process. 
Organic  sulfur  and  sulfates  cannot  be  removed  to  an  appreciable  degree,  but 
inorganic  forms  can  be  removed  to  a  large  extent  by  mechanical  methods  of 
grinding  and  washing.   The  finer  the  sulfur  particles  are  disseminated 
throughout  the  coal,  the  finer  the  coal  must  be  ground  to  facilitate  sulfur 
removal.   Washing  may  render  certain  coals  acceptable  under  the  New  Source 
Performance  Standards  for  sulfur  content  issued  by  the  Environmental  Protec- 
tion Agency  (EPA) . 

Washability  studies  by  the  Bureau  of  Mines  and  other  agencies  to  examine 
potential  sulfur  reduction  in  western  coals  have  not  been  conducted  to  the 
extent  as  studies  on  eastern  and  midwestern  coals.   This  is  due  primarily  to 
the  difference  in  potential  for  upgrading  eastern  coals  to  meet  EPA  require- 
ments and  the  inherent  low-sulfur  content  of  most  western  coals,  which  do  not 
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necessitate  cleaning.   Most  washability  studies  of  western  coals  have  examined 
sulfur  removal  as  a  total,  rather  than  definition  and  removal  of  organic  sul- 
fur as  a  separate  constituent. 

The  specific  tonnages  by  sulfur  levels  established  in  the  tables  of  this 
report  must  be  considered  as  general  estimations.   This  is  due  primarily  to 
the  generalness  of  the  categories  used  in  classification,  possible  inaccura- 
cies in  the  original  coal  tonnage  and  analysis  measurements,  and  lack  of  suffi- 
cient data  for  certain  areas. 

Approximately  8  percent  of  the  total  coal  reserve  base  is  undefinable  by 

sulfur  content  owing  to  lack  of  coal  samples  for  particular  beds.  Many  of  the 

analyses  used  for  prorating  reserves  are  older  analyses  and  updating  of 
samples  for  future  work  would  be  advantageous. 

tern  coals  range  from  higher  sulfur  content  coals  in  the  Western 

Interior  province  States  of 
Arkansas,  Iowa,  Kansas, 
Missouri,  Oklahoma,  to  lower 
sulfur  coals  in  the  Rocky 
Mountain,  Northern  Great 
Plains,  Pacific,  and  Alaskan 
provinces.   The  coals  of  the 
interior  region  contain  a 
high  percentage  of  inorganic 
sulfur,  which  facilitates 
easier  removal  of  sulfur  as 
a  percentage  of  total  sulfur. 
Sulfur  removal  is  more  diffi- 
cult for  the  low-sulfur 
coals  because  a  large  propor- 
tion is  contained  as  inor- 
ganic sulfur. 

The  Environmental  Pro- 
tection Agency  has  estab- 
lished national  stack  emis- 
sion limits  for  new 
stationary  sources  with  a 
capacity  of  greater  then  250 
million  Btu  per  hour  heat 
input  (15) .   The  maximum 
emission  limit  is  1.2  pounds 
of  sulfur  dioxide  per  mil- 
lion Btu  of  heat  input  when 
a  solid  fossil  fuel  is  fired. 
This  emission  limit  for 
coals  with  varying  sulfur 
and  Btu  content  are  shown  on 
figure  7.   A  10,000-Btu-per- 
pound  coal  could  have  a 


6,000     — 


5,000 


0.5  0.6  0.7  0.8 

SULFUR  CONTENT,  weight- percent 


FIGURE  7.  -  Plot  of  the  maximum  permissible  sulfur  con- 
tent versus  Btu  content  of  coal  commensurate 
with  the  EPA  standard  for  air  quality. 
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maximum  sulfur  content  of  0.6  percent,  assuming  all  of  the  sulfur  in  the  coal 
is  converted  to  sulfur  dioxide.   However,  not  all  of  the  sulfur  in  coal  is 
seen  as  an  emission  of  sulfur  dioxide. 

It  is  commonly  stated  that  bituminous  coals  generally  exhibit  a  95-  to 
100-percent  conversion  of  sulfur  to  sulfur  dioxide  (21) .   By  comparison, 
recent  investigations  of  lignite  combustion  indicate  sulfur  conversion  ranging 
from  27  to  100  percent,  with  most  of  the  results  being  between  60  and  90  per- 
cent (21,  31,  43-44) .  Combustion  tests  on  a  steam-electric  powerplant  burning 
Wyoming  subbituminous  coal  indicate  about  72 -percent  conversion  of  sulfur  to  a 
stack  emission  of  sulfur  dioxide.   Additional  data  on  sulfur  conversion  during 
the  combustion  of  subbituminous  coal  are  not  readily  available  in  the  litera- 
ture.  Further  investigation  to  discover  the  results  of  combustion  testing  and 
to  promote  further  testing  at  steam-electric  powerplants  would  provide  valu- 
able information  not  only  to  those  promulgating  air  pollution  regulations,  but 
also  to  those  responsible  for  the  design,  procurement,  or  operation  of  air 
pollution  control  devices.   The  apparently  lower  sulfur  conversion  for  subbi- 
tuminous coal  and  lignite,  even  if  insufficient  to  make  these  coals  acceptable 
in  light  of  stack  emission  limits,  could  demand  less  efficiency  of  sulfur 
dioxide  removal  devices  and,  therefore,  potentially  reduce  capital  and  operat- 
ing costs  of  such  equipment. 
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APPENDIX  A. --CLASSIFICATION  SYSTEM  FOR  COAL  RESOURCES  AND  RESERVES 

This  method  of  classification  conforms  with  the  provisions  of  the  Joint 
Bureau  of  Mines -Geological  Survey  Resource  Classification  Agreement  of 
November  21,  1973,  covering  all  mineral  resources  and  will  be  used  in  future 
resource/reserve  studies  on  coal  conducted  by  agencies  of  the  Department  of 
the  Interior. 

Within  this  classification  system  the  term  "coal  resource"  designates 
the  estimated  quantity  of  coal  in  the  ground  in  such  form  that  economic  extrac- 
tion is  currently  or  potentially  feasible.   The  "coal  reserve"  is  that  rela- 
tively small  part  of  the  resource  for  which  both  quality  and  quantity  have 
been  reasonably  determined  and  which  is  deemed  to  be  minable  at  a  profit  under 
existing  market  conditions. 

This  system  employs  a  concept  by  which  coalbeds  are  classified  in  terms 
of  their  degree  of  geologic  identification  and  economic  or  technologic  feasi- 
bility of  recovery. 

Glossary  of  Coal  Resource  Terms 

Resources. --Concentrations  of  coal  in  such  forms  that  economic  extraction 
is  currently  or  potentially  feasible. 

Identified  resources. --Specific  bodies  of  coal  whose  location,  quality, 
and  quantity  are  known  from  geologic  evidence  supported  by  engineering  and 
measurements  with  respect  to  the  demonstrated  category. 

Undiscovered  resources . --Unspecified  bodies  of  coal  surmised  to  exist  on 
the  basis  of  broad  geologic  knowledge  and  theory. 

Reserve. --That  portion  of  the  identified  coal  resource  that  can  be  eco- 
nomically and  legally  mined  at  the  time  of  determination- -also  referred  to  as 
Recoverable  reserve. 

Reserve  base. --Includes  beds  of  bituminous  coal  and  anthracite  28  inches 
or  more  thick  and  beds  of  subbituminous  coal  60  inches  or  more  thick  that  occur 
at  depths  to  1,000  feet.   Includes  also  thinner  and/or  deeper  beds  that  pres- 
ently are  being  mined  or  for  which  there  is  evidence  that  they  could  be  mined 
commercially  at  this  time.   Includes  beds  of  lignite  60  inches  or  more  thick 
that  can  be  surface  mined --generally  those  that  occur  at  depths  no  greater 
than  120  feet.   Includes  only  coal  from  measured  and  indicated  categories  of 
reliability. 

The  following  definitions  for  measured,  indicated,  and  inferred  are 
applicable  to  both  the  reserve  and  identified --subeconomic  resource 
components. 

Measured. --Tonnage  of  coal  for  which  estimates  of  the  quality  and  quan- 
tity have  been  computed,  within  a  margin  of  error  of  less  than  20  percent; 
from  sample  analyses  and  measurements  from  closely  spaced  and  geologically 
well-known  sample  sites. 
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Indicated. --Coal  for  which  estimates  of  the  quality  and  quantity  have 
been  computed  partly  from  sample  analyses  and  measurements  and  partly  from 
reasonable  geologic  projections. 

Demonstrated. --A  collective  term  for  the  sum  of  coal  in  both  measured  and 
indicated  resources. 

Inferred . - -Coal  in  unexplored  extensions  of  demonstrated  resources  for 
which  estimates  of  the  quality  and  size  are  based  on  geologic  evidence  and 
projection. 

Identified-subeconomic  resources. --Tonnage  of  coal  in  beds  that  are  not 
reserves,  but  may  become  so  as  a  result  of  changes  in  economic  and  legal 
conditions. 

Paramarginal. --The  portion  of  subeconomic  resources  that  (a)  borders  on 
being  economically  producible  or  (b)  is  not  commercially  available  solely 
because  of  legal  or  political  circumstances. 

Submarginal. --The  portion  of  subeconomic  resources  which  would  require  a 
substantially  higher  price  (more  than  1.5  times  the  price  at  the  time  of 
determination)  or  a  major  cost  reducing  advance  in  technology. 

Hypothetical  resources . --Tonnage  of  undiscovered  coal  in  beds  that  may 
reasonably  be  expected  to  exist  in  a  known  mining  district  under  known  geo- 
logic conditions.   Exploration  that  confirms  their  existence  and  reveals  quan- 
tity and  quality  will  permit  their  reclassification  as  a  reserve  or  identified- 
subeconomic  resource. 

Speculative  resources. --Tonnage,  of  undiscovered  coal  in  beds  that  may 
occur  either  in  known  types  of  deposits  in  a  favorable  geologic  setting  where 
no  discoveries  have  been  made,  or  in  as  yet  unknown  types  of  deposits  that 
remain  to  be  recognized.   Exploration  that  confirms  their  existence  and 
reveals  quantity  and  quality  will  permit  their  reclassification  as  reserves  or 
identified-subeconomic  resources . 

Criteria  for  Identification  of  Coal  Resources  and  Reserves 

Coal  resource  and  coal  reserve  classification  is  presently  based  upon 
three  criteria--(l)  thickness  of  the  coalbed,  (2)  depth  of  the  coalbed,  and 
(3)  the  reliability  of  the  data  upon  which  the  estimate  was  based.   The  cri- 
teria for  each  category  are  described  in  the  following  paragraphs  and  will  be 
used  in  preparing  all  Department  of  the  Interior  coal  resource/reserve  esti- 
mates from  January  1,  1974,  until  further  revised. 

Identified  resources . --Include  beds  of  bituminous  coal  and  anthracite  14 
inches  or  more  thick  and  beds  of  subbituminous  coal  and  lignite  30  inches  or 
more  thick  that  occur  at  depths  to  3,000  feet  and  the  existence  and  quantity 
of  which  have  been  delineated  within  specified  degrees  of  geologic  assurance 
as  measured,  indicated,  or  inferred.   Include  also  thinner  and/or  deeper  beds 
that  presently  are  being  mined  or  for  which  there  is  evidence  that  they  could 
be  mined  commercially. 
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Undiscovered  resources . --Include  beds  of  bituminous  coal  and  anthracite 
14  inches  or  more  thick  and  beds  of  subbituminous  coal  and  lignite  30  inches 
or  more  thick  that  are  presumed  to  occur  in  unmapped  and  unexplored  areas 
reasonably  near  the  surface  (to  depths  of  3,000  feet)  or  in  deeper  structural 
basins  of  depths  between  3,000  feet  and  6,000  feet.   All  undiscovered  coal 
resources  in  the  United  States  are  considered  to  be  in  the  "hypothetical" 
category. 

Total  resources. --Include  the  sum  of  the  identified  and  undiscovered 
resources. 

Reserve  base. --Includes  beds  of  bituminous  coal  and  anthracite  28  inches 
or  more  thick  that  occur  at  depths  to  1,000  feet.   Also  includes  thinner 
and/or  deeper  beds  that  presently  are  being  mined  or  for  which  there  is  evi- 
dence that  they  could  be  mined  commercially  at  this  time.   Includes  beds  of 
lignite  60  inches  or  more  thick  that  can  be  surface  mined  at  depths  generally 
no  greater  than  120  feet.   Also  includes  only  coal  from  measured  and  indicated 
categories  of  reliability. 

Reserve  or  recoverable  reserve. --Includes  that  portion  of  the  reserve 
base  that  can  be  mined  legally  and  economically  at  the  time  of  classification. 

Subeconomic  resources. --Include  all  identified  resources  that  do  not  fall 
into  the  reserve  category.   Include  in  this  category  beds  of  bituminous  coal 
and  anthracite  14  inches  to  28  inches  thick  and  beds  of  subbituminous  coal  30 
inches  to  60  inches  thick  that  occur  at  depths  to  1,000  feet.   Include  also 
beds  of  bituminous  coal  and  anthracite  14  inches  or  more  thick  and  beds  of 
subbituminous  coal  30  inches  or  more  thick  that  occur  at  depths  between  1,000 
and  3,000  feet.   Include  lignite  beds  30  inches  or  more  thick  that  cannot  be 
surface  mined --generally  those  that  occur  at  depths  greater  than  130  feet,  and 
lignite  beds  30  inches  to  60  inches  thick  that  can  be  surface  mined.   Include 
the  nonrecoverable  portion  of  the  reserve  base. 

The  following  criteria  for  measured,  indicated,  and  inferred  are  appli- 
cable to  both  the  reserve  and  subeconomic  resource  components: 

Measured. --Tonnage  computed  from  dimensions  revealed  in  outcrops, 
trenches,  mine  workings,  and  drill  holes.   The  points  of  observation  and  mea- 
surement are  closely  spaced,  and  the  thickness  and  extent  of  coals  are  well 
defined  such  that  the  tonnage  is  judged  to  be  accurate  within  20  percent  of 
true  tonnage.   Although  the  spacing  of  the  points  of  observation  necessary  to 
demonstrate  continuity  of  the  coal  differs  from  region  to  region  according  to 
the  character  of  the  coalbeds,  the  points  of  observation  are,  in  general,  no 
greater  than  one -half  mile  apart. 

Indicated. --Tonnage  computed  partly  from  specified  measurements  and 
partly  from  projection  of  visible  data  for  a  reasonable  distance  on  the  basis 
of  geologic  evidence.   In  general,  the  points  of  observation  are  about  1  mile 
apart,  but  they  may  be  as  much  as  1-1/2  miles  apart  for  beds  of  known 
continuity. 


23 


Inferred. --Quantitative  estimates  based  largely  on  broad  knowledge  of  the 
geologic  character  of  the  bed  or  region  and  few  measurements  of  bed  thickness 
are  available.   The  estimates  are  based  primarily  on  an  assumed  continuation 
for  which  there  is  geologic  evidence.   In  general,  inferred  coal  lies  more 
than  1-1/2  miles  from  the  outcrop  or  points  for  which  mining  or  drilling  infor- 
mation is  available. 


Demonstrated  reserves. --A  collective  term  for  the  sum  of  the  measured  and 
indicated  reserves. 
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APPENDIX  B. --DEFINITIONS 

Anthracite. - -A  hard,  black,  lustrous  coal  having  92  percent  or  more  but 
less  than  98  percent  fixed  carbon,  and  8  percent  or  less  but  more  than  2  per- 
cent volatile  matter,  on  a  dry,  mineral -matter -free  basis. 

As -received. --Analytical  results  of  tests  on  the  analyzed  sample  calcu- 
lated to  the  as-received  (in  the  laboratory)  or  as-sampled  basis. 

Bituminous  coal. --A  solid,  brittle  coal  relatively  high  in  gaseous  con- 
stituents and  having  69  percent  or  more  but  less  than  86  percent  fixed  carbon, 
and  31  percent  or  less  but  more  than  14  percent  volatile  matter,  on  a  dry, 
mineral -matter -free  basis.   The  calorific  value  ranges  from  10,500  to  over 
14,000  Btu  per  pound  on  a  moist,1  mineral -matter -free  basis. 

Dry  basis. --Analytical  results  of  tests  on  the  analyzed  sample  calculated 
to  a  moisture-free  basis. 

Depletion. --The  tonnage  of  coal  mined  plus  the  coal  lost  as  a  result  of 
mining  operations. 

Mineral -matter -free  basis. --Coal  minus  the  inorganic  material.   The 
mineral  matter  in  coal  cannot  be  analytically  determined.   This  condition  must 
be  calculated  according  to  the  Parr  formula  (38) . 

Semianthracite. --A  coal  intermediate  between  anthracite  and  bituminous 
coal.   It  is  nonagglomerating  and  contains  86  percent  or  more  but  less  than  92 
percent  fixed  carbon,  and  14  percent  or  less  but  more  than  8  percent  volatile 
matter,  on  a  dry,  mineral -matter -free  basis. 

Rank. --The  position  of  a  coal  relative  to  other  coals  in  the  series  from 
lignite  to  anthracite,  according  to  their  degree  of  metamorphism  or  progres- 
sive alteration. 

Subbituminous  coal. --Coal  of  a  rank  greater  than  lignite  but  less  than 
bituminous  coal  and  distinguished  from  lignite  by  its  black  color  and  its  lack 
of  distinctly  woody  structure  and  texture,  and  from  bituminous  coal  by  its 
loss  of  moisture  and  slacking  when  exposed  to  weathering.   Fixed  carbon  is 
less  than  69  percent,  and  volatile  matter  is  more  than  31  percent  on  a  dry, 
mineral -matter -free  basis. 


1Moist  refers  to  coal  containing  its  natural  inherent  moisture  but  not  includ- 
ing visible  water  on  the  surface  of  the  coal. 
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APPENDIX  D.--COALBED  NAMES  AND  CODE  NUMBERS 


General 


Colorado 


Various 001 

Various 002 

Uncorrelated 799 

Alaska 

Letter  Beds 009 

One 011 

Two 012 

Three 013 

Arizona 

Brown 498 

Yellow 499 

Green 501 

Blue 502 

Red 503 

Arkansas 

Paris 551 

Cavanal 552 

Charleston 554 

Philpott 554 

Sky 554 

Coal  Ridge 554 

Stigler 556 

McAlester 558 

Upper  Hartshorne 562 

Upper  Spadra 562 

Lower  Hartshorne 563 

Hartshorne 563 

Bernice 563 

Denning 563 

Huntington 563 

Jenny  Lind 563 

Shinn  Basin 563 

Spadra 563 

Mammoth 563 

Excelsior  Thin  Vein 563 

Pickartz 563 

Lower  Spadra 563 

Lower  and  Upper  Hartshorne 880 

Stigler  and  McAlester 911 

Fruitland  Formation 006 


Mesaverde  Formation 007 

Laramie  Formation 008 

Coalmont  Formation 010 

Dakota  Sandstone  Formation 014 

Fort  Union  Formation 015 

Lance  Formation 016 

Williams  Fork  Formation 017 

lies  Formation 018 

Vermejo  Formation 019 

Raton  Formation 020 

Laramie  A 030 

Laramie  No.  1 031 

Laramie  No.  2 032 

Laramie  No.  4 033 

Laramie  No .  5 034 

Laramie  No.  6 035 

Laramie  No.  7 036 

Laramie  Upper 037 

Laramie  Middle 038 

Laramie  Lower 039 

Como 040 

Jeff  Hill 041 

Capron 042 

Mexican  Creek 043 

Mitchell  Mine 044 

Monahan 045 

Riach 046 

Below  Riach 047 

Below  Riach  Double 048 

Sudduth 049 

Taylor  Mine 050 

Coal  No.    1-Mesaverde  Formation...  051 

Coal  No.    2 -Mesaverde  Formation...  052 

Coal  No.    3 -Mesaverde  Formation...  053 

Coal  No.    4-Mesaverde  Formation...  054 

Coal  No.    5-Mesaverde  Formation...  055 

Coal  No.    6-Mesaverde  Formation...  056 

Coal  No.    7-Mesaverde  Formation...  057 

Coal  No.    8-Mesaverde  Formation...  058 

Floresta 059 

Lower  Hogate 060 

Middle  Hogate 061 

Upper  Hogate 062 

Keystone 063 

Placita 064 

Upper  Part -Mesaverde  Formation. . .  065 
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Colorado --Continued 


Colorado- -Continued 


Anchor 066 

Carbonera 067 

Lower  Carbonera 068 

Middle  Carbonera 069 

Upper  Carbonera 070 

Upper  Member-Dakota  Sandstone....  071 

Middle  Member-Dakota  Sandstone...  072 

Lower  Member-Dakota  Sandstone....  073 

B  levins  Group 074 

Fairfield  Group 075 


Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 


No. 
No. 
No. 


No. 
No. 


076 

077 

078 

079 

080 

081 

082 

083 

084 

085 

086 

087 

088 

, 089 

, 090 

, 091 

, 092 

, 093 

, 094 

095 

096 

097 

098 

099 

100 

101 

102 

103 

104 

, 105 

Goff  No.  7 106 


Fairfield 
Fairfield 
Fairfield 
Fairfield  No 
Fairfield  No 
Fairfield  No 
Fairfield  No 
Fairfield 
Fairfield 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fairfield  No. 
Fish  Creek. . . 
Goff  No.  1. . . 
Goff  No. 
Goff  No. 
Goff  No. 
Goff  No. 
Goff  No. 


1., 

2.. 
3., 
4.. 
5., 
6.. 
7.. 
8.  . 
9.. 
10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 
21. 
22. 
23. 


Goff  No. 
Goff  No. 
Goff  No. 
Goff  No. 
Boff  No. 
Goff  No. 
Goff  No. 
Goff  No. 


8.. 
9.. 
10. 
11. 
12. 
13. 
14. 
15. 


107 
108 
109 
110 
111 
112 
113 
114 


Goff  No.    16 115 

Goff  No.    17 116 

Goff  No.    18 117 

Goff  No.    19 118 

Goff  No.    20 119 

J  Goff  No.    21 120 

Goff  No.    22 121 

Lay   Section 122 

Lion  Canyon  A 123 

Lion  Canyon  B 124 

Lion  Canyon  C 125 

Lion  Canyon  D 126 

Lion  Canyon  No.    1 127 

Lion  Canyon  No .    2 128 

Lion  Canyon  No.    3 129 

Lion  Canyon  No.    4 130 

Lion  Canyon  No.    5 131 

Lion  Canyon  No.    6 132 

Lion  Canyon  No.    7 133 

Lion  Canyon  No.    8 134 

Lion  Canyon  No.    9 135 

Lion  Canyon  No.    10 136 

Lion  Canyon  No.    11 137 

Lion  Canyon  No.    12 138 

Lion  Canyon  No.    13 139 

Lion  Canyon  No.    14 140 

Lion  Canyon  No.    15 141 

Lion  Canyon  No .    16 142 

Lion  C  anyon  No .    17 143 

Lion  Canyon  No.    18 144 

Lion  Canyon  No.    19 145 

Lion  Canyon  No.    20 146 

Lion  Canyon  No.    21 147 

Lion  Canyon  No.    22 148 

Lion  Canyon  No.    23 149 

Lion  Canyon  No.    24 150 

Middle  Group -Williams  Fork 151 

Middle  Group   F  Zone-Williams  Fork  152 

Middle  Group  G  Zone-Williams   Fork  153 

Middle  Group  H  Zone-Williams  Fork  154 

Middle  Group  J-Williams  Fork 155 

Middle  Group  K-Williams  Fork 156 

Middle   Group   L-Williams  Fork 157 

Middle  Group  N-Williams   Fork 158 

Middle  Group  O-Williams   Fork 159 

Middle  Group   P-Williams   Fork 160 

Middle  Group  Q-Williams  Fork 161 

Middle  Group   R-Williams   Fork 162 

Middle  Group   S-Williams   Fork 163 
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Co lor ado --Continued 


Co lor ado - -Continued 


T  M  Group -Williams  Fork 164 

Twenty  Mile  Group 164 

Another  Base -Williams  Fork 165 

Base-Williams  Fork 166 

Lower  Third -Williams  Fork 167 

Middle-Williams  Fork 168 

Top-Williams  Fork 169 

Black  Diamond  Group 170 

Black  Diamond  No.  1 171 

Black  Diamond  No.  2 172 

Black  Diamond  No.  3 173 

Black  Diamond  No.  4 174 

Black  Diamond  No.  5 175 

Black  Diamond  No.  9 176 

Black  Diamond  No.  10 177 

Bear  River 178 

Brooks 179 

Lower  Group -lies  Formation 180 

Lower  Group  A-Iles  Formation 181 

Lower  Group  B-Iles  Formation 182 

Lower  Group  C-Iles  Formation 183 

Lower  Group  D-Iles  Formation 184 

Lower  Group  E-Iles  Formation 185 

Lower  Group  No.  1-Iles  Formation.  186 

Lower  Group  No.  2-1 les  Formation.  187 

Lower  Group  No.  3 -I les  Formation.  188 

Royal  Gorge 189 

Vermejo 190 

Vermejo  B 191 

Vermejo  C 192 

Vermejo  D 193 

Vermejo  E 194 

Vermejo  F 195 

Cokedale 196 

Piedmont 197 

Lower  Piedmont 198 

Sopris 199 

Lower  Sopris 200 

Upper  Starkville 201 

Berwind 202 

Bunker  Hill 203 

Upper  Bunker  Hill 204 

Lower  Bunker  Hill 205 

Gem 206 

New  Rouse 207 

Pryor 208 

Rainbow 209 

Thomas 210 

Vermejo  No.  2 211 


Verme  j  o  No .  3 2 12 

Vermejo  No.  4 213 

Vermejo  No.  5 214 

Upper  Alamo 215 

Lower  Alamo 216 

Kebler  No.  2 217 

Mammoth 218 

Occidental 219 

Lenox 220 

Rider 221 

Upper  Member -Raton  Formation 222 

Apache 223 

Lower  Member -Raton  Formation 224 

Middle  Member -Raton  Formation. . . .  225 

Boncarbo 226 

Martinez 227 

Three  Pines 228 

Mutual 229 

Raton  A 230 

Raton  B 231 

Carbonero 232 

Fairfield  No.  24 512 

Vermejo  No.  1 513 

G 514 

Allen 516 

Ciruela 516 

Alfreda 521 

Shamrock 675 

A  (Carbondale  Field) 704 

B  (Carbondale  Field) 705 

Coal  Basin  B 705 

Hastings 709 

Lower  Starkville 711 

Nonac 712 

Wheeler 715 

Morley 717 

Anderson 718 

Upper  Ludlow 719 

Upper  Rugby 722 

Rapson 724 

Walsen 725 

Palisade 727 

Frederick 729 

Lower  Robinson 730 

Magnet 732 

Ocean  Wave 732 

Fox  Hill 733 

Cass 735 

Zenith 736 
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Colorado- -Continued 


Colorado- -Continued 


Wolf  Creek 738 

Delagua  No.  1 739 

Majestic 741 

Lower  Ludlow 742 

Chandler 744 

Dirty  Robinson 745 

Robinson 745 

Upper  Robinson 745 

Empire 747 

Pinnae  le 748 

Rockdale 749 

Wadge 750 

Primero 751 

A 752 

B 753 

Sommerset 753 

Bear 754 

C 754 

Juanita  C 754 

D 755 

Oliver 755 

E 756 

Red  Canyon 756 

Upper  Oliver 756 

F 757 

Green  Valley 757 

Hawksnest 757 

Brookside 758 

Allen 759 

Sunshine .  759 

Lennox 760 

Canon  City 761 

Dry  Creek 762 

Cameron 763 

Bear  Canyon  No .    6 764 

Jack-O-Lantern 765 

Radiant 767 

Laramie  No.    3 768 

Collom 769 

Cameo 770 

Lennox   and  Wadge 901 

Upper    and   Lower   Ludlow 970 

Jack-O-Lantern   and  Monarch  971 

D   and  E    (Carbondale  Field) 972 

A   and   Anderson    (Carbondale) 974 

A   and   B    (Carbondale   Field) 975 

B    and   C    (Grand  Mesa   and  978 
Somerset   Fields). 


Upper   and   Lower    (Laramie  988 
Formation) . 

Laramie  Upper   and  Lower 988 

Laramie  Nos.    3   and  4 994 

Iowa 

Nyman 438 

Elmo 441 

Nodaway 442 

Ovid 472 

Lonsdale 482 

Mystic 484 

Upper  Mystic 484 

No.  1 484 

Centerville 484 

Lower  Mystic 485 

Marshall 485 

Summit 489 

Mulky 490 

Bevier 492 

Bedford 492 

Wheeler 495 

Whitebreast 496 

Wiley 506 

Munterville 510 

Lucas  County  No.  7 512 

Lucas  County  No.  5 517 

Laddsdale 529 

Rock  Island  No.  1 529 

Harper 529 

Ford 530 

Lower 530 

Lower -Ford 530 

Des  Moines  No.  1 530 

Mammoth 530 

No.  3 530 

Cliff  land 539 

Manbeck 548 

Upper 548 

Black  Jack 548 

Hastie  Plus 549 

Hastie 550 

Tyson 564 

Pretty 566 

Upper  Bituminous 566 

Colburn 567 

Cannel 567 

Big  Coal 567 
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Iowa --Continued 


Kansas --Continued 


Mystic  and  Summit 900 

Summit  and  Wiley 902 

Bevier  and  Mulky 903 

Bevier  and  Whitebreast 940 

Bevier  and  Summit 945 

Bevier  and  Wheeler 987 

Kansas 

Lorton 437 

Nyman 438 

Blacksmith  Creek 439 

Cedar  Creek 440 

E  lmo . . . . 441 

Nodaway 442 

Upper  Williamsburg 443 

Ransomville 443 

Williamsburg 444 

Lower  Williamsburg 445 

Upper  Sibley 446 

Sibley 447 

Lower  Sibley 448 

Ottawa 450 

B  lue  Mound 45 1 

Thayer 463 

Mulberry 482 

Lexington 484 

Summit 489 

Mulky 490 

Bunker  Hill 490 

Fort  Scott 490 

Red  Coal 490 

Bevier 492 

Leavenworth 492 

Limestone 492 

Williams 492 

Pioneer 492 

Iron  Clad 492 

Drywood 492 

Croweburg 496 

Cato 496 

Fire  Clay 496 

Hunts  inger 496 

Mud  Seam 496 

One  Foot 496 

Coalvale 497 

F  leming 499 

Mineral  Rider .  499 

Bastard 499 


Mineral 504 

Baxter 504 

Lightning  Creek 504 

Cherry  Creek 504 

Twenty-two  Inch 504 

Upper  Weir -Pittsburgh 504 

Upper  Cherokee 504 

Scammon 506 

Tebo 509 

Pilot 509 

Weir -Pittsburg 513 

Cherokee 5 13 

Lower  Cherokee 513 

Lower 5 13 

Knifeton 540 

Rowe 545 

Columbus 553 

Neutral 557 

Riverton 562 

Cedar  Vale  Formation 797 

Bevier  and  Mulky 903 

Fleming  and  Mineral 904 

Fleming  and  Baxter 904 

Weir -Pittsburg  and  Rowe 906 

Weir -Pittsburg  and  Columbus 909 

Weir -Pittsburg  and  Tebo 912 

Knifeton  and  Rowe 925 

Bevier  and  Croweburg 940 

Bevier  and  Summit 945 

Baxter  and  Limestone 966 

Baxter  and  Bevier 966 

Bevier  and  Mineral 966 

Bevier  and  Tebo 979 

Bevier  and  Wheeler 987 

Missouri 

Nyman 438 

E  lmo 441 

Nodaway 442 

Upper  Sibley 446 

Ovid 468 

Mulberry 482 

Foster 482 

Lexington 484 

Mendota 484 

Alvis 486 

Summit 489 

Mulky 490 
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Missouri --Continued 


Missouri --Continued 


Honey  Creek 490 

Lower  Fort  Scott 490 

Macon  City 490 

Red 490 

Bevier 492 

Higbee 492 

Huntsville 492 

Williams 492 

Wheeler 495 

Croweburg 496 

One  Foot 496 

Lower  Ardmore 496 

Moundville 496 

Soads  tone 496 

Little  Tebo 496 

Fire  Clay 496 

Fleming 499 

Middle  Rich  Hill 499 

Middle 499 

Two  Foot 499 

Robinson  Branch 501 

Mineral 504 

Rich  Hill 504 

Lightning  Creek 504 

Lower  Rich  Hill 504 

Chilhowee 504 

Brush  Hill 504 

Scammon 506 

Tebo 509 

Walker 509 

Weir-Pittsburg 513 

Cherokee 5 13 

Lower  Cherokee 513 

Bowen 513 

Mammoth 513 

Eureka 513 

Bluejacket 529 

Drywood 537 

Knifeton 540 

Cainsville 540 

Montserrat 540 

Waver  ly 540 

Jordan 540 

Lexington  and  Summit 900 

Bevier  and  Mulky 903 

Fleming  and  Mineral 904 

Middle  and  Lower  Rich  Hill 904 

Fleming  and  Lightning  Creek 904 

Weir -Pittsburgh  and  Rowe 906 


Cherokee  and  Rowe 906 

Croweburg  and  Summit 910 

Weir-Pittsburg  and  Tebo 912 

Bevier  and  Croweburg 925 

Bevier  and  Croweburg 940 

Bevier  and  Summit 945 

Bevier  and  Mineral 966 

Bevier  and  Rich  Hill 966 

Bevier  and  Lightning  Creek 966 

Montana 

Coal  Ridge 290 

Paunee 291 

Odell 292 

King 293 

Alderson 294 

Dominy 295 

Cook 296 

Elk 297 

Garfield 298 

Ferry 299 

Broadus 300 

Cache 301 

Flowers  Goodale 302 

Allen 303 

Terrett. . 304 

Patton 305 

Stump 306 

Mackin  Walker 307 

Moths 308 

Contact 309 

Snedecker 310 

Nicholls 311 

Badger 312 

Harmon 313 

Powers 314 

Brewster  Arnold 315 

Carter 316 

Elmhurst 317 

Hercules 318 

Divide 319 

Kitty  Springs 320 

Strevall 321 

Johnson  Creek 322 

Hagen 323 

Fivemile 324 

Mizpah 325 

Bear  Jaw 326 
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Montana- -Continued 


Montana- -Continued 


Shook 327 

Squaw  Creek 328 

Foster 329 

Bur  ley 330 

Trail  Creek 331 

Big  Dirty 332 

Upper  Tullock 333 

F  lowers 334 

Haddow 335 

Carroll 336 

Lane 337 

Butter  field 338 

Budka 339 

Gaines .  .  . 340 

Solack 341 

Lower  E  lvir io 342 

Upper  Elvirio 343 

Stillson 344 

Pust 345 

Prittegurl 346 

Otter 347 

Dunning 348 

Diamond 349 

Moorhead  No.  5 350 

Moorhead  No.  5 -A 351 

Moorhead  No.  6 352 

Moorhead  No.  6  Split 353 

Moorehead  No.  7 354 

Moorhead  No.  8 355 

Moorhead  No.  8-A 356 

Moorhead  No.  9 357 

Moorhead  No.  9-A 358 

Moorhead  No .  9  -B 359 

Moorhead  No.  9-C 360 

Moorhead  No.  11 361 

Moorhead  No .  12 362 

Moorhead  No.  12 -A 363 

Moorhead  No.  12 -B 364 

Ashland  A 365 

Ashland  C 366 

Ashland  D 367 

Ashland  E 368 

Ashland  F 369 

Ashland  X 370 

Lee 371 

Lay  Creek 372 

Wright 373 

Scobey  B 374 

Scobey  C 375 


Scobey  D 376 

Base  of  Lance 377 

Tongue  River  Member  P 378 

Tongue  River  Member  Q 379 

Tongue  River  Member  R 380 

Tongue  River  Member  S 381 

Lebo  Member  J 382 

Lebo  Member  T 383 

Tullock  Member  V 384 

Tullock  Member  W 385 

Tullock  Member  X 386 

Tullock  Member  Y 387 

Hell  Creek  Member  Z 388 

Sidney  Nos.  A  through  F 389 

Sidney  No.  G 390 

Sidney  No.  H 391 

Sidney  No.  I-J-K 392 

Lanark 397 

McCleary 515 

Robinson 517 

Dietz  No.  2 520 

Sawyer 524 

McKay 525 

Knob  lock 526 

Wall 695 

Canyon 697 

Dietz 698 

Dietz  No.  1 698 

Anderson 699 

Smith 701 

Arvada 702 

Felix 706 

Roundup 780 

No.  2 781 

Monarch 783 

Roland 787 

Bull  Mountain 805 

Mammoth 806 

Carpenter  Creek 807 

Rosebud 808 

No.  1 809 

No.  3 811 

No.  4 812 

No.  5 . .  814 

Belt  Creek 816 

Anderson  and  Canyon 926 

Anderson  and  Dietz 927 

Rosebud  and  McKay 931 

Middle  and  Lower  Tullock 933 
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Mont ana- -Continued 


North  Dakota—Continued 


Dietz  Nos .  1  and  2 

Moorhead  Nos .  8  and  9 

Smith  and  Roland 

New  Mexico 

Menefee  Formation 

Crevasse  Canyon  Formation 

Various  Beds  (5) 

Menefee  and  Crevasse  Formations.. 
Menefee  and  Crevasse  Canyon 
Formations. 

Fruitland  Formation 

Various  Beds -Fruitland  Formations 

Yellow 

Fuschia 

Green 

Blue 

No.  2 

No.  3 

No.  4 

No .  5 

No.  6 

No .  7 

Upper  York  Canyon 

York 

Khoe ler 

Vermejo 

Tin  Pan 

Sugarite 

Yankee 

Raton 

Aztec . .  '. 

Gibson 

White  Ash 

Hogback 

Cook  and  White 

Carthage 

Black  Diamond 

Blue  and  Fuschia 

North  Dakota 

Scranton 

Garner  Creek 

T  Cross 

Harmon 

Fairman 

Noonan 


935  Dunn  Center 568 

938  1 568 

951     Beulah-Zap 569 

E 569 

D 571 

C 572 

003  Haynes 572 

004  Coalbank 574 

005  Coteau 575 

005  Garrison  Creek 577 

005  Burlington 578 

006  Oklahoma 
006 

476  Ralston 436 

477  Lorton 437 

478  Elmo 441 

479  Nodaway 442 

482  Thayer 463 

483  Cedar  Bluff 467 

484  Dawson 472 

485  Tulsa 472 

486  Lexington 484 

487  Iron  Post 490 

507  Fort  Scott 490 

507  Hill 490 

508  Lightning  Creek 490 

509  Mulky 490 

5 10  Bevier 492 

771  Croweburg 496 

772  Broken  Arrow 496 

773  Henryetta 496 

774  Eram 503 

775  Mineral 504 

776  Welch 504 

777  Sequoyah 507 

778  Tebo 509 

779  Pilot 509 

785  Weir -Pittsburg 513 

965  Cherokee 513 

Pawpaw 521 

White  Oak 521 

Secor 527 

561  Upper  Witteville 527 

562  Blocker 527 

563  Jones  Creek 527 

564  Mayberry 527 

565  Massey 527 

567  Quinton 527 
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Oklahoma- -Continued 

Bluejacket 529 

Drywood 537 

Bellamy 537 

Rowe 545 

Cavanal 552 

Lower  Witteville 552 

Stigler 556 

Upper  McAlester 556 

McAlester 558 

Lower  McAlester 558 

Lehigh 558 

Coalgate -Lehigh 558 

Upper  Hartshorne 562 

Riverton* 562 

Lower  Hartshorne 563 

Atoka 563 

Grady 563 

Panama 563 

McCurtain 563 

Hartshorne 563 

Baldwin 587 

Lower  and  Upper  Hartshorne.......  880 

Atoka  and  Riverton 880 

Hartshorne  and  Riverton 880 

Bevier  and  Mulky 903 

Bevier  and  Iron  Post 903 

Bevier  and  Fort  Scott 903 

Bevier  and  Lightning  Creek 903 

Fleming  and  Mineral 904 

Fleming  and  Welch 904 

Weir -Pittsburg  and  Rowe 906 

Cherokee  and  Rowe 906 

Lower  and  Upper  McAlester 911 

Lehigh  and  Stigler 911 

McAlester  and  Stigler 911 

Weir -Pittsburg  and  Tebo 912 

Cherokee  and  Tebo 912 

Bevier  and  Croweburg 940 

Bevier  and  Broken  Arrow 940 

Bevier  and  Henryetta 940 

Bevier  and  Mineral 966 

Bevier  and  Welch 966 

Bevier  and  Tebo 979 

Bevier  and  Pilot 979 

Oregon 

Carter 518 

Anderson 519 

Beaver  Hill 837 

D 838 


Oregon- -Continued 

E. 839 

H. .  .  , 841 

J 845 

South  Dakota 

Firesteel 275 


Texas 

Sunday  Creek 527 

Thurber 528 

Abbott 529 

Bridgeport 531 

Dalton 532 

Chaffin 534 

Bull  Creek 536 

Newcastle 537 

San  Pedro 538 

Santo  Thomas 539 


Utah 

Mesaverde  Coal  Zone 007 

Carbonera 067 

Cottonwood 233 

Upper  Bear  Canyon 234 

Bob  Wright 235 

Wattls 236 

Tank 237 

Candland 238 

Fish  Creek 239 

Royal  Blue 240 

Upper  Blackhawk 241 

Chesterfield 242 

Palisade 243 

Sevier 244 

Wilson 245 

Beckwith 246 

Winchester 247 

Frontier  No.  1 248 

Frontier  No.  2 249 

Frontier  No.  3 250 

Frontier  No.  4 251 

Frontier  Zone 252 

Smirl  Zone 253 

Bald  Knoll  Zone 254 

Alvey  Zone 255 

Rees  Zone 256 

Christensen  Zone 257 
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Ut ah - -C ont inued 


Utah- -Continued 


Castle  Gate  Group 258 

Spring  Canyon  Group 259 

Lower  Zone 260 

Henderson  Zone 261 

Ferron  Zone 262 

Emergy  Zone 263 

Straight  Cliffs  Zone 264 

John  Henry  Member 265 

Smoky  Hollow  Member 266 

Nelson  Member 267 

Upper  Culver  Zone 268 

Lower  Culver  Zone 269 

Lower  Zone-Orderville  Area 270 

Upper  Mesaverde 271 

Middle  Mesaverde 272 

Lower  Mesaverde 273 

Ballard  Zone 274 

A  Minus 504 

Lilac 505 

Tropic  Dakota  Interval 511 

Upper  Sunnyside 674 

Sunnyside 800 

Lower  Sunnyside 802 

Rock  Canyon 820 

Gilson 825 

Aberdeen 830 

Castle  Gate  A 830 

Castle  Gate  B 832 

Castle  Gate  C 834 

Castle  Gate  D 836 

Kenilworth 836 

Subseam  No.  1 840 

Subseam  No.  2 842 

Subseam  No .  2\ 843 

Subseam  No .  3 844 

Hiawatha 846 

King -Hiawatha 846 

Upper  Hiawatha 847 

Ivie 848 

Upper  Ivie 849 

Wasatch 850 

Muddy  No.  1 851 

Ferron  A 852 

Ferron  J 853 

Muddy  No .  2 '. 854 

Blind  Canyon 855 

Bear  Canyon 856 

A  and  B  (Kane  County) 878 

Hiawatha  and  Bear  Canyon 886 


Castle  Gate  B  and  Subseam  No.  1..  887 

C  and  D  (Kane  County) 892 

Blind  Canyon  and  Hiawatha 899 

Castle  Gates  A  and  D 905 

Castle  Gates  C  and  D 907 

Caste  Gate  B  and  Subseam  No.  3...  908 

Castle  Gate  A  and  Hiawatha 911 

Castle  Gates  A  and  B 912 

Lower  and  Upper  Sunnyside 918 

Muddy  Nos .  1  and  2 929 

Rock  Canyon  and  Fish  Creek 993 

Wastach  and  Dry  Hollow 996 

Washington 

Blue  Canyon 393 

Lake  Watcom 394 

Bellingham  No.  2 395 

Glacier 396 

Green  No.  7 400 

No.  1 402 

No.  2 403 

No.  3 404 

No.  4 405 

No.  5 406 

No.  6 407 

Dolly  Varden 408 

May  Creek 409 

Muldoon 410 

Shoo  Fly 411 

Newenham 412 

Senior 413 

Springbrook 414 

Sunbeam 415 

Cavanaugh  No.    2 416 

Discovery 417 

Ryan  No.    1 418 

New  Lake  Youngs  No.  2 419 

Cedar  Mountain  No.  1 420 

Cedar  Mountain  No.  2 421 

Kummer  No.  4 422 

Dalt  No.  4 423 

Harris 424 

Dale  No.  7 425 

Gem 426 

Kummer  No .  1 427 

Kummer  No.  0 428 

Fulton  No.  12 429 

Franklin  No.  10 430 
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Washington- -Continued 


Washington- -Cont  inued 


Occidental  No.  1 431 

Carbon 432 

Eureka 455 

Navy  No .  6 434 

Sunset  No .  1 435 

Occidental  No .  2 436 

Carbon  Bayne  No.  3 437 

Navy  No .  4 438 

Sunset  No.  2 439 

Durham  No.  2 440 

Occidental  No.  3 441 

Carbon  Bayne  No.  2 442 

Sunset  No.  7 465 

Occidental  No.  6 466 

Carbon  Bayne  No.  1 467 

Occidental  No .  14 446 

Pocahontas 447 

Frazier 448 

Ravensdale  No.  9 449 

Eight  Foot 450 

Ravensdale  No.  5 451 

Landsburg  No .  1 452 

Ravensdale  No.  4 453 

Six  Foot 454 

Ravensdale  No .  3 455 

Dutch 456 

Victory 457 

Elk  No.  1 458 

Big  Elk 459 

Elk  No.  2 460 

Wilkeson  No .  5 461 

Wilkeson  No.  4 462 

Wilkeson  No.  3 463 

Wilkeson  No.  2 464 

Wilkeson  No.  1 465 

Wilkeson  No.  7 466 

C arbonado  No .  5 467 

Carbonado  No.  8 468 

Morgan  No.  7 469 

Crocker 471 

Burnt 472 

Snell 473 

Black  Carbon 474 

Nisqually 475 

No.  7 478 

No.  8 479 

No.  10 480 

No.  11 481 

No.  12 482 


Blacksmith 484 

McNeill 485 

Black  Bear 487 

D  and  F 488 

Golden  Glow 489 

Little  Dirty 490 

Lower  Thompson 491 

Mendota 492 

Penitentiary 493 

Smith 494 

Tono  No.  1 495 

Tono  No .  2 496 

Upper  Thompson 497 

Lucas 498 

Ladd  No.  2 499 

Ladd  No .  3 500 

Ladd  No.  4 501 

Leavell 502 

Cherry  Creek 503 

Red  Ash 504 

Silver  Lake 505 

Walker 506 

Cedar  Creek  No.  1 507 

Cedar  Creek  No.  2 508 

Cedar  Creek  No.  3 509 

Big  Ben 510 

Big 821 

Big  Dirty 821 

Big  Dirty  No.  1 821 

Roslyn 823 

Roslyn  No.  5 823 

Plant  No .  6 824 

Roslyn  No.  6 824 

Bagley 826 

Dale 827 

McKay 828 

Jones 829 

Bellingham  No.  1 831 

Roslyn  No.  8 833 

Wright  No .  8 833 

Bagley  and  May  Creek 960 

Roslyn  and  Big 961 

Roslyn  No.  5  and  Big ..  961 

Roslyn  and  Roslyn  No.  6 962 

Roslyn  Nos.  5  and  6 962 

Roslyn  and  Plant  No.  6 962 

Numbers  2  and  5 967 

Numbers  4  and  5 969 


Wyoming 


281 


Bed  Below  Healy 276 

Bed  Below  Murray 277 

Bed  Below  Ucross 278 

Bed  Above  Healy 279 

Bed  Above  Walters 280 

Bed  Below  Schuman 281 

Bed  Above  Cameron 282 

No.  65 398 

No.  80 299 

No.  82 401 

Rock  Springs  No.  8 506 

Badger 522 

School 523 

Ucross 581 

Murray 682 

Dry  Creek 684 

Lower  Cameron 685 

Upper  Cameron 687 

Timar 688 

Schuman 689 

Healy 691 

Walters 692 

Monument  Peak 694 

Wall 695 

Canyon 697 

Dietz  No.  I 

Anderson 

Smith 

Arvada 

Felix 

Scott 


698 

699 

701 

, .  702 

706 

707 

Lower  Ulm 708 


Ulm  No.  2 708 

Adaville 782 

Monarch 783 

Carney 784 

Masters 786 

Roland 787 

Rock  Springs  No.  4 789 

Rock  Springs  No.  3 790 

Rock  Springs  No.  1 791 

Rock  Springs  No.  l\ 792 

Rock  Springs  No.  9 793 

Rock  Springs  No.  7 794 

Rock  Springs  No.  10 795 

Rock  Springs  No.  11 796 

Rock  Springs  No .  15 797 

Van  Dyke 798 

Kemmerer 801 

Willow  Creek 803 

Hanna  No.  1 804 

Hanna  No.  2 817 

Hanna  No.  3 818 

Hanna  No.  5 819 

Anderson  and  Canyon 926 

Anderson  and  Dietz 927 

Anderson  and  Dietz  No.  1 927 

Dietz  Nos.  1  and  2 935 

Smith  and  Roland 951 

Monarch  and  Carney 952 

Rock  Springs  Nos.  1  and  3 953 

Rock  Springs  Nos.  10  and  15 954 

Hanna  Nos.  2  and  79 -A 955 

Lower  and  Upper  Cameron 977 
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